Multiphoton microscopy of ex vivo corneas after collagen cross-linking.
To investigate changes in the morphology of the corneal stroma after collagen cross-linking (CXL) treatment in bovine and porcine eyes using a nonlinear microscope providing both two-photon excitation fluorescence (TPEF) and second harmonic generation (SHG) corneal images. Freshly enucleated eyes were imaged using a tomographic nonlinear imaging method that was highly suitable to track temporal changes in corneal structures. CXL (riboflavin instillation plus UV irradiation) was applied on the enucleated eyes using similar protocols as in the clinic. A set of eyes without treatment were measured to be used as control. In control corneas, SHG images showed a regular distribution of lamellae across the stroma that appeared stable for at least 6 hours postmortem. CXL changed the collagen distribution pattern showing some abnormal structures. TPEF revealed a large reduction in corneal thickness in CXL corneas immediately after treatment. The changes in the distribution of collagen bundles appeared also in corneas treated with riboflavin only, but not followed by UV irradiation. SHG tomography also revealed a partial recovery of the corneal thickness with time. Nonlinear microscopy (in both tomographic and regular XY imaging configurations) was used to study spatial and temporal changes in the cornea during and after CXL on intact ocular globes. SHG imaging showed changes in the morphology of anterior corneal stroma after CXL. Regular collagen patterns turned into random distributed structures with thicker bundles at some localized areas. This might be a consequence of the corneal thickness decrease as a result of riboflavin-dextran instillation.